This study analyses the role of education in economic development in the republics of the former Socialist Bloc and more specifically the impact of human capital on per capita economic growth in transition economies in the Russian Federation, and Ukraine. The factors that are associated with the human capital in terms of education levels are analyzed in order to measure this impact. Our approach is to estimate the significance of educational levels for initiating substantial economic growth. We estimate a system of linear and log-linear equations accounting for different time lags in the possible impact of human capital on economic growth.
Economic growth in the former Soviet Union was mostly extensive, and always required new injections of capital and labor. Volume of capital and labor increased over time. Human capital development as expressed by the level of educational attainment of population was among the highest in the world for the last five decades. Technical progress was also very impressive. At the same time, capacity utilization was very poor for all factors of production. For instance, products of research were utilized mostly in the military industry. In addition, allocative efficiency was low because the allocation mechanisms were based on plan and directives or orders.
Starting in 1991, the Russian Federation, Ukraine, and other New Independent States (NIS) were undergoing a deep socio-economic transformation. This transformation found its reflection not only in the economy, but in changing ideology, religion, culture, and other noneconomic spheres of human activities. At the same time problems that appeared during the transition period were not caused by transition. Nor they were creations of the reform. These problems accumulated well before the reform and made the transition more complex than it would be otherwise. Nevertheless, by 1999, the Russian Federation, Ukraine overcome the decline in productivity and turn to positive economic growth. This study analyses the role and impact of human capital on per capita economic growth in transition economies in the Russian Federation, and Ukraine. It estimates the system of linear and log-linear equations accounting for different time lags the significance of educational levels for initiating substantial economic growth.
Literature review
Romer, in his 1990 paper entitled "Endogenous Technological Change" includes technological changes into the model of growth. He considers technology as the method used in a production process that transforms inputs into output and specifies research and development as sources for technological changes. He also emphasized ideas that drive progress are specific types of goods considering them as non-rival in contrast to other goods. According to Romer, non-rivalry nature of ideas implies increasing returns to scale (Barro, 1995; Jones, 1998) .
The implications of the Romer's model might be found to be very similar to the neoclassical ideas. His model can be viewed as a "semi-endogenous" model because it predicts sustainable growth only in the case of endogenous technological progress and exogenous population growth. The labor force participates in the production process making capital productive and produces ideas which drive technological progress and, therefore, economic growth. Hence, investments in human capital are necessary in order to increase the productivity of labor and capital. For Romer, education is the main source for knowledge and a guide for the implementation of this knowledge in the production process.
Measurement of human capital and issues of allocation are presented by Mincer (1996) , Ruth (1998) , Barro (1999) , Mulligan and Sala-i-Martin (2000) . Emphasis on measurement of human capital and its implication for economic growth are made by Kalaitzidakis et al. (2001) .
Based on cross country growth regressions and measures of human capital, presented in studies by Mankiw, Romer, and Weil (1992) , Benhabib and Spiegel (2000) , Barro and Sala-i-Martin (1999) , Pritchett (1996) , Barro (1997) , Krueger and Lindahl (2000) , they argue that a semiparametric, partially linear regression model specification of the cross country growth regression function is a particularly useful way of studying the contribution of human capital to economic growth. The semiparametric partially linear regression model is written as: 
.
φ i represents the long-run elasticity of output with respect to public capital per capita, and C is a short-run elasticity.
Shioji found that each component of PUP had positive effects on Y, but infrastructure was more important to growth than education and had a more significant positive effect on productivity than education. These results can be interpreted as support for endogenous growth.
Endogenous Model of Economic Growth
An endogenous model of economic growth appears to be the most appropriate for our evaluation. First, such model may be applied for cross sectional analysis, which is probably the best way to analyze economic growth in the countries in transition. Second, the model shows the influence and importance of human capital relative to other key inputs on economic growth and to differences across countries.
While both intuition and several theories of endogenous growth point towards a positive effect of human capital on economic growth, empirical evidence on this issue has been mixed.
The purpose of the study is to provide a systematic investigation of the human capital--economic growth nexus. The impact of human capital on economic growth is incorporated according to the 
Access to Higher Education in the NIS
Number of students in higher education institutions per 10000 population is chosen to analyze access of population to higher education. This indicator reflects level or stock of human capital in the countries as well as dynamics of production of human capital during the significant periods of time. Number of students in higher education institutions per 10000 population in the former Soviet republics for the period of 1980-1999 is presented in Tables 1 and 2. TABLE 1 Number of students in higher education institutions per 10000 population in NIS, 1980 -1989 Country 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 Number of students in higher education institutions per 10000 population in NIS, 1990 -1999 Country 1990 1991 1992 1993 1994 1995 1997 1998 1999 1 9 8 0 1 9 8 2 1 9 8 4 1 9 8 6 1 9 8 8 1 9 9 0 1 9 9 2 1 9 9 4 1 9 9 6 1 9 9 8 years students per 10000 population In some other former republics situation with access to higher education did not regain its positions of 1991. Indicator of number of students in higher education institutions per every ten thousand of population declined in Uzbekistan from 170 in 1990 to 68 in 1999, and in Turkmenistan-from 113 in 1990 to 62 in 1996. This statistics should always be correlated with demographic and migratory processes in the NIS. One should also account for students receiving their education in other countries, predominantly in other member countries of the NIS.
The data indicate that despite the economic difficulties during the transition period, number of students in higher education institutions per every ten thousand of population was increasing consistently since 1993. This confirms not only continuous and consistent development of the education industry, but also stable increase in the total volume and concentration of human capital in the country.
Data and descriptive statistics
The data used in the empirical study are selected macroeconomic indicators for the Russian Federation, and Ukraine and cover the period of 1989-2010. Trajectories of the indicators over time taken as logs are presented in Figures 3, 5 , 7, and 9. GDP per capita growth, gross fixed investment annual change, gross national savings rate (percent), and recorded unemployment (percent), for the Russian Federation, and Ukraine for the period of are presented in Table 3 . 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 2 0 0 3 2 0 0 5 2 0 0 7 2 0 0 9 Hungary Poland Russia Ukraine 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 2 0 0 3 2 0 0 5 2 0 0 7 2 0 0 9 Hungary Poland Russia Ukraine Figure 8 . Registered level of unemployment in Hungary, Poland, the Russian Federation, and Ukraine, 1989 Ukraine, -2010 Dynamics of the official rate of unemployment annual change for Hungary, Poland, the Russian Federation, and Ukraine for the period of 1989-2010 that accounts for the log trajectories are presented in Figure 9 . 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 Figure 9 . Registered level of unemployment in Hungary, Poland, the Russian Federation, and Ukraine (with the log trajectories), As shown in Figure 9 that uses trajectories of the logs, levels of the official unemployment rate in Hungary, Poland, the Russian Federation, and Ukraine have risen dramatically in early 1990s and have stabilized later. Such a sharp increase in unemployment may be explained in part by the absence of the official unemployment in the USSR and Eastern Europe. Relatively low level of the registered unemployment in the Russian Federation and Ukraine in 1990s should be considered critically as it appears to be much lower than the real unemployment rate.
Empirical results
The presented calculations are based on the estimation of the system of linear and loglinear equations that account for changes in investment, savings, unemployment, education, and medical services. The independent variables were dropped consequently and the time lags were taken as five-, six, seven, and ten-year time lags. We comment only on the coefficients with 5 percent level of significance. Regression results of GDP per capita growth to investment, savings, unemployment, education and healthcare for the Russian Federation and Ukraine for the period of 1990-2010 with the constant coefficient (1) and without the constant coefficient (2) are presented in Table 4 . Indicators of the level of access to higher education and medical services are taken with the five year time lag. Notes: each column is a separate regression of the growth rate on investment, savings, unemployment, education, and healthcare. Standard errors are reported in parentheses. t-statistics are reported in square brackets. Asterisk * indicates statistical significance at the 1-percent level, ** at the 5-percent level, and *** at the 10-percent level.
healthcare for the Russian Federation and Ukraine for the period of 1990-2010 with the constant coefficient (1) and without the constant coefficient (2) are presented in Table 5 . Indicators of the level of access to higher education and medical services are taken with the five year time lag. Notes: each column is a separate regression of the growth rate on investment, savings, education, and healthcare. Standard errors are reported in parentheses. t-statistics are reported in square brackets. Asterisk * indicates statistical significance at the 1-percent level, ** at the 5-percent level, and *** at the 10-percent level.
Regression results of GDP per capita growth to investment, savings, education, and healthcare for the Russian Federation and Ukraine for the period of 1990-2010 with the constant coefficient (1) and without the constant coefficient (2) are presented in Table 6 . Indicators of the level of access to higher education and medical services are taken with the six year time lag. Notes: each column is a separate regression of the growth rate on investment, savings, education, and healthcare. Standard errors are reported in parentheses. t-statistics are reported in square brackets. Asterisk * indicates statistical significance at the 1-percent level, ** at the 5-percent level, and *** at the 10-percent level.
Regression results of GDP per capita growth to investment, savings, and education for the Russian Federation and Ukraine for the period of 1990-2010 with the constant coefficient (1) and without the constant coefficient (2) are presented in Table 7 . Indicators of the level of access to higher education are taken with the five year time lag. Notes: each column is a separate regression of the growth rate on investment, savings, and education. Standard errors are reported in parentheses. t-statistics are reported in square brackets. Asterisk * indicates statistical significance at the 1-percent level, ** at the 5-percent level, and *** at the 10-percent level.
Regression results of GDP per capita growth to investment, savings, and education for the Russian Federation and Ukraine for the period of 1990-2010 with the constant coefficient are presented in Table 8 . Indicators of the level of access to higher education are taken with the six year time lag (1) and with the seven year time lag (2). Notes: each column is a separate regression of the growth rate on investment, savings, and education. Standard errors are reported in parentheses. t-statistics are reported in square brackets. Asterisk * indicates statistical significance at the 1-percent level, ** at the 5-percent level, and *** at the 10-percent level.
Regression results indicate positive effects of investments on the GDP per capita growth
rate. An increase in investment leads to an increase in per capita GDP growth in all the countries. and without the constant coefficient (2) are presented in Table 9 . Indicators of the level of access to higher education are taken with the ten year time lag. Estimation of the system of equations where all the variables-dependent and independent-were presented in the form of logarithms confirms positive effect of an increase in investment and per capita GDP growth. For instance, one percent increase in investment in fixed capital in Ukraine leads to 0.639 percent increase in per capita GDP growth.
Concluding remarks
As The impact of human capital accumulation on economic growth remains controversial. In different research, conclusions reached depend on the definition of human capital, the methodology used and the time period and set of countries over which the model is estimated.
Our objective in this research is to present a study of the link between human capital accumulation and GDP per capita growth in countries in transition. As anticipated, parametric estimates reveal no link between the two variables: for different measures of human capital, there is no significant growth effect.
The empirical results are supportive of the predictions from the endogenous growth models: an increase in human capital does not correlate with per capita economic growth in countries with a high level of human capital. High level of human capital in the Russian Federation, Ukraine, and other NIS needs to be reproduced on a constant scale. Also, the process of accumulation of human capital will have a positive impact on GDP per capita growth in the long run.
The slow initial process of restructuring and institutional changes in the Russian Federation and Ukraine led to a low level of GDP per capita growth. Nevertheless, positive changes in the economy and the society overall, are the result of the structural changes in the economy, institutional reforms, development of the market type of behavior among population, development of market infrastructure, improved management, regional diversification, stabilization of the national currency, slowdown in both "brain drain" and capital outflow, and high level of human capital that was a ground for economic growth.
The next advancement in economic growth will become possible based on the process of renovation and investment into principal capital. From this perspective, one may suggest further institutional and structural changes in the transition economies. It will increase domestic and foreign investment, further develop domestic market, and sustain already achieved substantial GDP per capita growth.
